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Abstract. The anatomy and morphology of species of Phyllodesmium are described for P. pa ran ga turn Ortiz and 
Gosliner, 2003, P. magnum Rudman, 1991, P. poindimiei (Risbec, 1928), P. hyalinum (Ehrenberg, 1831), P. crypticuin 
Rudman, 1981, P. serrcitum (Baba, 1949), P. coJemani Rudman, 1991, P. kabiranuin Baba, 1991, P. inacphersonae 
Bum, 1962, P. briareum (Bergh, 1896), P. Jongicirrwn (Bergh, 1905), P.pecten Rudman, 1981, P. opalescens Rudman, 
1991, P. horriduni (Macnae. 1954), P. irioniotense Baba, 1991 and P. giianieusis Avila et aJ. A phylogenetic analysis 
supports the monophyly of Phyllodesmium. Species possessing an unbranched digestive tract are most basal, while 
more derived taxa have a highly ramified digestive tract. More basal species form a grade with symplesiomorphies 
such as an unbranched digestive tract, jaw with many denticles, absence of zooxanthellae and elongate foot corners. 
The remaining species have elaborate digestive tracts and have undergone morphological and physiological changes 
allowing the storage of zooxanthellae in the cerata, for use as a secondary food source. It is evident from this study 
that morphological changes occurring within Phyllodesmiuni correlate closely with their increased association with 
symbiotic zooxanthellae. This first parsimony-based phylogenetic study of PhyJIodesiniimi largely supports the 
scenario of morphological evolution first proposed by Rudman (1991). 


INTRODUCTION 

Within the Aeolidina, the most diverse taxon is the 
Facelinidiae with more than 130 described species. One 
highly specialized group, species of Phyllodesmium 
Ehrenberg, 1831, has received considerable attention 
owing to the trophic specialization and evolution of 
symbiosis of members of this taxon. The facelinid 
taxon Phyllodesmium includes nineteen described spe¬ 
cies, almost all of which are known to be specialized 
predators on alcyonarian octocorals restricted to the 
Indo-Pacific tropics and adjacent temperate regions 
(Rudman, 1981b; Rudman, 1991; Gosliner et a /, 1996; 
Avila et al., 1998; Ortiz, 2001; Ortiz & Gosliner, 2003; 
Burghardt & Wagele, 2004; Burghardt & Gosliner, 
2006). The fact that most of these species also contain 
symbiotic zooxanthellae and exhibit a range of 
variation in the elaboration of digestive gland struc¬ 
tures to accommodate this symbiosis, makes them ideal 
candidates for phylogenetic and comparative biological 
studies. It needs to be determined if Phyllodesmium 


represents a monophyletic group and, if this proves to 
be the case, this particular study can illuminate the 
nature of the evolution of symbiosis within this 
particular clade. 

Species currently placed in Phyllodesiniwu have been 
placed in several different genera including Plies til la 
Bergh, 1874, Cratena Bergh, 1864, Hevvici Bergh in 
Morch, 1871, AeoJiclia Cuvier, 1798, Myrrhine Bergh, 
1905, Favorimis Gray, 1850, Godiva Macnae, 1954, 
Ennoia Bergh, 1896, PhylJodesiniopsis Risso-Domin- 
guez, 1964, and BabieJJa Risso-Dominguez, 1964, 
reflecting the confusion surrounding the systematics 
of this group. Rudman (1981, 1991) summarized much 
of this confusion and the historical review will not be 
repeated here. 

Since the late 1800s, there has been a substantial 
amount of biological interest and research regarding 
ecological interactions and symbiosis between the 
dinoflagellate zooxanthellae Syinbiodinium Freu- 
denthal, zooxanthellae, and a number of different 
marine hosts. This literature deals mostly with scler- 
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Figure 1. Living animals of Phyllodesmiwn species. A. P. colemani , photo by T.M. Gosliner. B. P. kabiranum , photo by R.F. 
Bolland. C. P. magnum , photo by T.M.Gosliner. D. P. macpliersonae , photo by R.F. Bolland. E. P. parangatum , photo by T.M. 
Gosliner. F. P. serratum, photo by R.F. Bolland. G. P. briareum , photo by T.M. Gosliner. H. P. crypticioru photo by T.M. Gosliner. 
I. P. poindimiei , photo by T.M. Gosliner. 


act mean corals and species of venerid clams in the 
taxon Triclacna Bruguiere (Fankboner, 1971; Goreau 
et al ., 1973; Fitt and Trench, 1981; and many others), 
but has since expanded into the realm of nudibranch 
and coelenterate symbiosis. Two examples are Rud- 
man (1982), who worked on the aeolidoidean and 
arminoidean nudibranch mollusks and Kempf (1984) 
who studied species of Melibe Rang, Ptevaeolidici 
Bergh and Bevghici Trinchese. Hoegh-Guldbergh & 
Hinde (1986) also examined nudibranch-zooxanthellae 
symbiosis; they studied the effects of the presence of 
zooxanthellae on their nudibranch host. Recent works 
by Burghardt & Wagele (2004, 2006), Burghardt et al. 
(2005), and Burghardt & Gosliner (2006) have 
examined photosynthetic activity in a variety of 
additional opisthobranchs, including several species 
of PhyHodesmium. 

The available literature, however, has dealt mostly 
with associations regarding nudibranch and dinofla- 
gellate symbiosis in a descriptive form. Research on 
the evolution of aeolid nudibranchs and their specific 
hosts is virtually absent from the literature. Aside 


from the work of Rudman (1981a, 1981b, 1982, 
1987, 1991), publications regarding evolutionary 
adaptations as a result of morphological modifica¬ 
tions to accommodate the respective symbionts are 
rare. No phlylogenetic study based on the ecological 
interaction between a facelinid nudibranch taxon 
and its host has been published. The preliminary 
phylogeny of the facelinid nudibranchs belonging to 
the taxon Phyllodesniium Ehrenberg, 1831 is the first 
such study. 

The various adaptations and other anatomical 
variations, which have evolved in species of Phyllo- 
desmiuni , have resulted in it becoming one of the most 
morphologically diverse in the Aeolidina (Figure 1; 
Rudman, 1991). The reconstruction of phylogenies 
within the aeolid nudibranchs has been problematic. 
Difficulties have been encountered by those systema- 
tists that have attempted to clarify the phylogeny of 
aeolids (Miller. 1974; Gosliner and Ghiselin, 1984). 
Flistorically, the branching of the digestive gland, 
reflected in the ceratal arrangement, and the position 
of the anus, has been greatly emphasized in the 
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classification of the Aeolidina (Odhner, 1934). Miller 
(1971) also considered the “branching of the digestive 
gland and position of the anus to be main features for 
delineating genera.” The taxon Phyiiodesmium , as well 
as its nominal species, have been delineated and 
described based on these characters. However, Rud- 
man (1991) related ceratal arrangement, digestive 
gland branching, and other major interspecific mor¬ 
phological characters to the ecology of their food 
sources. 

The purpose of this study is to fully review and 
supplement the anatomy of species of Phyiiodesmium in 
order to produce a preliminary phylogenetic analysis. 
The results of this study can be used as a basis for 
examining morphological changes within Phyiiodes¬ 
mium in response to coevolution with zooxanthellae 
symbiosis. 

MATERIAL AND METHODS 
Morphological Studies 

Specimens of previously described species of Phyllo- 
desmium , accompanied by color slides of the living 
animals, were the primary source for morphological 
characters used in this study. Most importantly, 
examination of the material housed at the California 
Academy of Sciences (CASIZ) and the Australian 
Museum (AM) provided a wealth of specimens that 
were used to assess and verify doubtful and uncertain 
characters, as well as developing new characters for the 
phylogenetic analysis. 

Species of Facelinidae were examined and compared 
morphologically, using reproductive and radular mor¬ 
phology, and anatomical features including ceratal 
arrangement and structure, location of anus, branching 
of ceratal digestive gland, and shape of the anterolat¬ 
eral foot corners. Individual specimens were dissected 
to examine detailed structure of the cerata, buccal 
mass, and reproductive system. Dissections and scale 
drawings were made using a dissecting microscope with 
a camera lucida. An incision was made along the entire 
midline of the foot. The reproductive systems, as well 
as external features (e.g., rhinophores, anterior and 
posterior foot, location of anus, ceratal arrangement, 
etc.) were then examined. 

A LEO series 1400 Scanning Electron Microscope 
(SEM) at the California Academy of Sciences (CAS) 
was used to make scaled digital pictures of the 
structure of the radulae and jaws, in order to survey 
the phylogenetic characters used in the study. The 
cerata were dissected and stained. An average of 3 to 
4 cerata were extracted from the dorsum of some of 
the specimens representing several species. Micro¬ 
graphs of the ceratal digestive branching were 
digitally captured using a Kodak MDS 100 camera 


mounted on an M400 Wild microscope. Some of the 
more problematic cerata were drawn to scale (using a 
camera lucida on a Nikon SMC-10 dissecting micro¬ 
scope) or photographed (using an FX-35 DX Nikon 
camera mounted on an SMZ-U Nikon dissecting 
microscope). The cerata of one species, Phyiiodesmium 
cryptic am, were stained with a solution of acid fuchsin 
and 70% ethanol, dehydrated in alcohol, cleared with 
xylene, and mounted in Permount on a microscope 
slide. 


Phylogenetic Analysis 

Taxa. For the phylogenetic analysis, 20 taxa have 
been considered (Table 1). In order to determine 
polarity of morphological change within Phyiiodes¬ 
mium , specimens of Godiva quadricolor (Barnard, 1927) 
and Favorinus japonicus Baba, 1949, were selected as 
outgroup taxa based on the fact that they represent 
relatively underived members of the Facelinidae 
(Willan, 1987). In the absence of a more comprehensive 
phylogeny of the Facelinidae, we agree with Willan 
(1987) that these taxa represent appropriate outgroups 
for polarizing characters within Phyiiodesmium. These 
data were compared with the descriptions of G. 
quadricolor from Willan (1987) and F. japonicus from 
Rudman (1980). 


Phylogenetic Methods 

To develop a phylogenetic hypothesis for Phyiiodes¬ 
mium , the morphological data were entered into a data 
matrix using MacClade 3.01 (Maddison and Maddi- 
son, 1992). All the characters used were assigned equal 
weight and treated as unordered. PAUP 4.0b4a 
(Swofford, 2000) was used for phylogenetic reconstruc¬ 
tion using a heuristic search with the TBR branch 
swapping option. One hundred random start trees were 
obtained by stepwise addition. Three characters were 
deleted in the subsequent analyses due to being 
uninformative and ambiguous (14, 21 and 30). The 
deleted characters are indicated in parenthesis in the 
character description section. Bremer decay analyses 
were performed by subsequent analysis with a series of 
iterations that examined successive trees, each one step 
longer, to estimate branch support using the method¬ 
ology of Bremer (1994). 

Characters. The 31 characters used to resolve 
the phylogeny of Phyiiodesmium are listed in Table 2. 
Of these characters, twenty-nine are binary and two 
are multistate. The characters states are represented 
with numbers: 0, “presumed” plesiomorphic condition: 
1 -2, “presumed” apomorphic conditions (refer to 
Table 3). 
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Sources used to describe the species in the present study. Abbreviations: R80, (Rudman, 1980); R81b, (Rudman, 
1981b); R91, (Rudman, 1991); B37, (Baba, 1937); B91a,b, (Baba, 1991a,b); Bu62, (Burn, 1962); M54, (Macnae, 
1954); Rb28, (Risbec, 1928); Be05, (Bergh, 1905); C98, (C. Avila et al., 1998); RC87, (R.C. Willan, 1987); E31 
(Ehrenberg, 1831); Br04 (Burghardt et al., 2004); Br06 (Burghardt 2006); T.G., Terrence Gosliner; R.F.B., Robert F. 
Bolland; PNG, Papua New Guinea; l.r., literature review; p.p., published pictures; p.s., present study; N/A, 

Non Applicable. 


PhyUodesmium species 

CASIZ Accesion # 

Slide # 

Reference 

Type of research 

P. poindimiei 

086009, 93947 

T.G.: 086009 

Rb28, R91, p.s. 

Re-examined 

P. pcircmgatum 

T.G.: 106472,105657, 96325, 
103702, 105676 

T.G.: 105676, 
106472,96325,105657 

p.s. 

New Species 

P. magnum 

79239,79221 

PNG-1988 

R91, p.s. 

Re-examined 

P. hyaJinum 

69970, 68731 

R.F.B 2161 

E31, Be05, B37, R81b, R91, 
M54, p.s. 

Re-examined 

P. horridum 

N/A 

p.p. 

R81b, R91, M54 

l.r. 

P. crypticum 

99314, 106465 

Station 35 Ligpo 

R81b, R91, p.s. 

Re-examined 

P. serratum 

114759 

P. serratun //Okinawa 

B91a, R91, p.s. 

Re-examined 

P. eoJemani 

110358 

T.G.: 110358 

R91, p.s. 

Re-examined 

P. kabiranum 

89035, 103793 

R.F.B. 3158 

B91b. p.s. 

Re-examined 

P. macphersonae 

115724, 104700, 65346 

R.F.B. 3304 

R91, R81b, Bu62, p.s. 

Re-examined 

P. longicirrum 

N/A 

p.p. 

R81b, R9I 

l.r. 

P. pecten 

N/A 

p.p. 

R81b 

l.r. 

P. opalescens 

N/A 

p.p. 

R91 

l.r. 

P. iriometense 

N/A 

p.p. 

B91b 

l.r. 

P. guai lien sis 

N/A 

p.p. 

C98 

l.r. 

P. briareum 

65346, 65299, 83678 

PNG-1988 

R91. p.s. 

Re-examined 

P. jakobsenae 

N/A 

p.p 

Br04 

l.r 

P. rudman i 

N/A 

p.p 

Br06 

l.r 

G. quadricolor 

N/A 

p.p. 

RC87, B27 

l.r. 

F. japonic us 

N/A 

PP 

R80, B49 

l.r. 


SYSTEMATIC DESCRIPTIONS 
Introductory Remarks 

Species descriptions include anatomical information 
derived from the present study and from literature 
review. The anatomical data derived from other 
references have been repeated for a comparison with 
the data obtained from this study. The data for the re¬ 
examined specimens is from original research for the 
present study, unless otherwise stated in the text. Some 
morphological characters, such as the distribution and 
storage of zooxanthellae, could not be determined by 
the dissections performed, hence literature review was 
necessary. 

Family Facelinidae Bergh, 1889 

Phyllodesmium Ehrenberg, 1831 

PhyUodesmium Ehrenberg, 1831 [type species by 
subsequent designation (Gray, 1847), PhyUodesmium 
hvaUmnn Ehrenberg, 1831] 

Bergh, 1905 [type species by monotypy, 
-i rrhine longirirra Bergh, 1905] 

Risso-Dominguez, 1964 [type species by 
monotypy. Hi r \ ia serrata Baba, 1964] 


Phyllodesmiopsis Risso Dominguez, 1964 [type species 
by monotypy, Favorimis horridus Macnae, 1954] 

Diagnosis: Alcyonarian-eating aeolids with cerata 
capable of being autotomized. Cerata slightly or 
extremely flattened, lacking functional cnidosacs (a 
synapomorphy for PhyUodesmium). Oral glands absent 
with a pair of discrete tubular salivary glands present. 
Rhinophores smooth or slightly nodular (a synapo¬ 
morphy for PhyUodesmium). Foot corners angular (a 
synapomorphy for PhyUodesmium). Ceratal arrange¬ 
ment variable. Pre-cardiac cerata arranged in single or 
double rows, while the post-cardiac cerata arranged in 
single or double rowed arches, simple rows, or a 
mixture of simple row arches and simple rows. 
Cleioproctic anus present in first post-cardiac arch or 
behind first postcardiac arch. Masticatory border or 
jaw with a single row of denticles or smooth (a 
synapomorphy for PhyUodesmium). Radular formula 
0.1.0. Teeth usually having long pointed central cusp or 
reduced one. Each cusp with lateral flange along each 
side, with or without denticles. Genital opening below 
anterior limb of first right pre-cardiac arch or row. 
Reproductive system with single receptaculum seminis. 
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Table 2 

Character descriptions and character states of present study. 


1. Body size 

0 = moderate 
1 = large 

2. Branching of digestive gland 

0 = absence of branched duct 

1 = slightly branched duct 

2 = highly branched duct 

3. Storage of zooxanthellae 

0 = absent 
1 = present 

4. Ceratal surface 

0 = smooth 
1 = nodular 

5. Ceratal shape 

0 = cylindrical 

1 = flatenned 

2 = smooth 

6. Ceratal apex 

0 = blunt 
1 = curled 

7. Ceratal arch in precardiac group 

0 = present 
1 = absent 

8. First post cardiac arrangement 

0 = arches 
1 = rows 

9. Second postcardiac arrangement 

0 = arches 

1 = single or double rows 

10. Third postcardiac arrangement 

0 = arches 

1 = single or double rows 

11. Foot width 

0 = wide 
1 = narrow 


12. Anterior foot corners 

0 = elongate 
1 = angular 

13. Vertical position of anus on first 
postcardiac group 

0 = posterior 
1 = dorsally 

14. Rhinophore size 

0 = long 
1 = extended 

15. Rhinophore surface 

0 = swelling on lamaelle 
1 = smooth or slightly nodular 

16. Masticatory border of jaw 

0 = several rows of denticles 
1 = single row of denticles 

17. Number of denticles 

0 = numerous 
1 = few and elongate 

18. Cusp of teeth 

0 = short 
1 = long 

19. Radular denticles 

0 = present 
1 = absent 

20. Radular denticle arrangement 

0 = separated 
1 = tightly congested 

21. Radular denticle length 

0 = long 
1 = short 

22. Radular denticle tip 

0 = blunt 
1 = pointed 


23. Radular denticle location 

0 = along masticatory border of tooth 
1 = extent to central cusp of tooth 

24. Base of teeth 

0 = long 
1 = short 

25. Radular base of teeth 

0 = long 
1 = short 

26. Denticle size on jaw plates 

0 = small 
1 = large 

27. Cnidosac 

0 = present 
1 = absent 

28. Penial spine 

0 = present 
1 — absent 

29. Female gland mass 

0 = elongate 
1 = bulbous 

30. Penial complex 

0 = large 
1 = small 

31. Arrangement of radular denticles 

0 = single rows 
1 = double rows 


Prostate forming gland mass at the base of penis. Penis 
simple, unarmed. 

Phyllodesmium pavangatum Ortiz & Gosliner, 
2003 

(Fig. IE) 

Material examined: Holotype, California Academy of 
Sciences, CASIZ 106472 near Twin Rocks, Anilao, 
Batangas Province, Luzon, Philippines, 15 April 1996, 
T. Gosliner. Paratypes: three specs, one dissected, 
CASIZ 105657, Devil's Point, Maricaban Island, 
Batangas Province, Luzon, Philippines, 25.3 m depth, 
23 February 1995, T. Gosliner. One specimen dissected, 
CASIZ 105676, Bonito Island, Maricaban Island, 
Batangas Province, Luzon, Philippines, 2.1 m depth, 
27 February 1995, T. Gosliner. One specimen, CASIZ 
96325, Cemetary Beach, Maricaban Island, Batangas 


Province, Luzon, Philippines, 13 March 1994, T. 
Gosliner. 

Distribution: So far, known only from the original 
localities in the Philippines. 

Remarks: The anatomy of this species is completely 
described by Ortiz and Gosliner (2003). 

Phyllodesmium magnum Rudman, 1991 

(Figs. 1C, 2A-C) 

Phyllodesmium sp. Orr, 1981: 69. 

?Phyllodesmium sp. Willan and Coleman, 1984: 48, fig. 
154. 

Phyllodesmium magnum Rudman, 1991: 190—193, figs. 
20A, B, 22-24, 27C, D, 28, 29. 

Material examined: Two specimens, one dissected, 
CASIZ 79239, Horseshoe Cliffs, 1 km WNW of Onna 
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Character states present in 

Phyllodesmium species. 

Table 3 

Data code: 

see 

Table 2. Abbreviation: ?. 

, no data available. 


1 

2 

3 


4 

5 

6 7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

P. horridum 

0 

0 

0 


0 

0 

0 0 

0 

0 

0 

0 

1 

0 

0 

1 

1 

0 

1 

P. serratnm 

0 

1 

0 


0 

0 

0 0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

1 

P. poindimiei 

0 

1 

0 


0 

0 

1 0 

1 

1 

1 

1 

1 

0 

0 

1 

2 

1 

1 

P. opalescens 

0 

0 

0 


0 

0 

0 0 

0 

0 

0 

0 

1 

0 

0 

1 

1 

0 

0 

P. briaremu 

0 

2 

1 


0 

0 

0 1 

1 

1 

1 

1 

1 

0 

1 

1 

2 

7 

1 

P. colemani 

0 

2 

1 


0 

1 

0 0 

1 

1 

1 

1 

1 

0 

1 

1 

2 

? 

1 

P. magnum 

1 

2 

1 


0 

1 

1 1 

1 

1 

1 

0 

1 

0 

1 

1 

2 

? 

1 

P. hyalinwn 

0 

2 

1 


1 

1 

1 0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

P. crypticum 

0 

2 

1 


1 

1 

1 0 

0 

0 

0 

0 

1 

0 

0 

1 

1 

1 

1 

P. macphersonae 

0 

2 

1 


0 

0 

1 0 

1 

1 

1 

1 

1 

0 

1 

1 

2 

? 

1 

P. longicirnmi 

1 

2 

1 


0 

1 

1 0 

1 

1 

1 

0 

1 

0 

1 

1 

2 

7 

1 

P. pec ten 

0 

2 

1 


1 

1 

1 0 

0 

1 

1 

0 

1 

0 

0 

1 

1 

1 

1 

P. iriomotense 

0 

1 

1 


0 

1 

0 0 

0 

1 

1 

1 

0 

0 

0 

1 

1 

1 

0 

P. kabirannm 

1 

2 

1 


0 

1 

1 0 

0 

0 

0 

0 

1 

0 

0 

1 

1 

1 

1 

P. parangatnm 

1 

2 

7 


0 

1 

1 1 

1 

1 

1 

0 

1 

0 

0 

1 

1 

1 

1 

P. gnamensis 

1 

2 

1 


0 

1 

1 1 

1 

1 

1 

0 

1 

0 

1 

1 

2 

7 

1 

G. qnadricolor 

0 

0 

0 


0 

0 

0 0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

F. japonic ns 

0 

0 

0 


1 

0 

0 0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

P. jakobseni 

1 

2 

1 


0 

1 

1 ? 

7 

7 

7 

0 

1 

0 

0 

1 

1 

1 

1 

P. rudmani 

1 

2 

1 


0 

0 

0 1 

1 

1 

1 

0 

1 

0 

0 

1 

1 

1 

1 



19 


20 


21 

22 

23 

24 


25 

26 

27 

28 


29 

30 

31 

P. horridum 


0 


1 


0 

1 

0 

1 


0 

0 

1 

0 


? 

1 

0 

P. serration 


0 


1 


0 

1 

0 

1 


1 

0 

1 

0 


? 

7 

0 

P. poindimiei 


1 


1 


0 

0 

0 

1 


1 

1 

0 

7 


1 

1 

1 

P. opalescens 


0 


0 


0 

0 

0 

0 


0 

0 

1 

0 


1 

0 

0 

P. briarenm 


0 


0 


1 

1 

1 

1 


0 

7 

1 

0 


0 

0 

0 

P. colemani 


0 


0 


1 

1 

1 

1 


0 

7 

1 

0 


1 

0 

0 

P. magnum 


1 


1 


1 

0 

1 

1 


1 

7 

1 

0 


1 

1 

0 

P. hyalinwn 


0 


0 


1 

1 

1 

0 


0 

1 

1 

0 


1 

0 

0 

P. crypticum 


0 


0 


1 

1 

1 

1 


0 

1 

1 

0 


1 

1 

0 

P. macphersonae 


0 


0 


1 

0 

1 

0 


0 

7 

1 

0 


0 

1 

0 

P. longicirrmn 


1 


1 


1 

1 

1 

1 


1 

7 

1 

0 


1 

0 

0 

P. pecten 


0 


1 


0 

1 

0 

1 


1 

1 

1 

0 


1 

1 

0 

P. iriomotense 


0 
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Village, Okinawa, Ryukyu Islands, Japan, 1.5 m depth, 
6 May 1991, R.F. Bolland. One specimen, dissected, 
CASJZ 79221, Horseshoe Cliffs, 1 km WNW of Onna 
Village, Okinawa, Ryukyu Islands, Japan, 6 May 1991, 
R.F. Bolland. 

Distribution: Type locality is New Caledonia, however 
its distribution is widespread. Northern Western 
Australia, Marshall Islands and Hong Kong (Rudman, 
1991). Collected from Tanzania, Papua New Guinea, 
Philippines and Japan (Gosliner et a /., 1996; present 
study;. 


External morphology (Fig. 1C): Body large, broad, up 
to 120 mm (Rudman, 1991). Present specimens (CA- 
SIZ 79239 and CASIZ 79221) 45 mm and 68 mm in 
length, respectively; elongate body extending broadly 
from the anterior end, tapering at posterior end. Foot 
corners, long, angular. Oral tentacles, rhinophores 
slender, smooth. Cerata large, smooth, flattened and 
curved apically, extending all along the animal’s 
dorsum. Ceratal arrangement consisting of single 
vertical rows on distinctive ridges, double row of 
precardiac cerata along each side of body. Reproduc¬ 
tive opening below right-sided double precardiac rows. 
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Figure 2. PhyUodesmium magnum. A. Lateral view of radula. B. View of digestive tract in a ceras. C. Reproductive System. 
Abbreviations: a, albumen gland; am, ampulla; rs, receptaculum seminis; pc, penial complex; fmg, female mass gland; dt, digestive 
tract. Scale bars: A = 0.50 mm; B = 10 mm; C = 5 mm. 


Renal opening on right side and centred within 
interhepatic space. Anal papilla between right post¬ 
cardiac cerata and behind uppermost cerata of first 
postcardiac row on prominent mound. Up to 11 
postcardiac rows present with up to 8 or more cerata 
per row. 

Cerata and digestive gland (Fig. 2B): Cerata flattened, 
providing increase of surface area, allowing for the 
branching of the digestive gland duct on each ceras. 
Digestive gland extending all along cerata with 
numerous branches diverging into many secondary 
and tertiary branches. Flattened branches with terminal 
chambers; zooxanthellae present in parts of cerata 
exposed to sunlight, including digestive gland in both 
the body wall and foot (Rudman, 1991). 

Buccal armature (Fig. 2A): Radular formula of 45 mm 
long specimen 21 X 0.1.0 (CASIZ 79239). Tooth short. 


with wide base enclosing part of basal posterior 
structure. Cusp elongate, pointed. Denticles small, 
short, continuous, extending halfway down each tooth. 
Jaw with smooth masticatory border (Rudman, 1991). 

Reproductive system (Fig. 2C): Preampullary duct 
long, narrow, extending into a broad, long folded 
ampulla via thin duct. Duct bifurcating into recepta¬ 
culum seminis and penial complex. Penial complex 
extending into short, narrow prostate, connecting to 
membrane gland via small opening. Prostate with 
overlying layer of tissue, connecting with a massive, 
folded and bulbous female gland mass. 

PhyUodesmium poindimiei (Risbec, 1928) 

(Figs. II, 3A-C) 

?Phidiana tenuis Eliot, 1905: 287-288. 
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dt 





Figure 3. Phyllodesmium poindimiei. A. View of digestive tract inside a ceras. B. Radular denticles. C. Reproductive system. 
Abbreviations: a, albumen gland; am, ampulla; rs, receptaculum seminis; pc, penial complex; fmg, female mass gland; dt, digestive 
tract. Scale bars: A = 10 mm; B = 0.002 mm; C — 5 mm. 


Aeolidiapoindimiei Risbec, 1928: 246-247, fig. 78, PI. 9, 
fig. 3. 

Phestilla poindimiei — Risbec, 1953: 138-139, figs. 93— 
96. 

Phyllodesmium poindimiei — Rudman, 1981b: 224-229, 
figs. 3-7, 2IB, 25C, 27. 

Material examined; Three specimens, CASIZ 86009, 
Devil’s Point, NW side of Maricaban Island, Batangas, 
Luzon Island, Philippines, 25.3 m depth, 26 March 
1993, T.M. Gosliner. One specimen, CASIZ 105746, 
Sepok, Maricaban Island, Batangas Province, Luzon, 
Philippines, 16.7 m depth, 24 February 1995, T.M. 
C l! ner. One specimen, dissected, CASIZ 93947, 
kind, Watubela Islands, E Banda Sea, 


Moluccas, Indonesia, 12.1m depth, 11 November 
1993, P. Fiene. 

Distribution; Originally described from New Caledonia 
(Risbec, 1928). Found and redescribed from New 
South Wales and Western Australia (Rudman, 1991). 
Specimens also collected from Indonesia, Japan, and 
the Philippines (present study). 

External morphology (Fig. II): Body of moderate size, 
elongate, 13.5 mm in length. Body shape wider 
anteriorly, extending narrowly from anterior to poste¬ 
rior end. Anterior foot narrow anteriorly. Foot corners 
angular. Rhinophores moderately long, smooth, ap¬ 
proximately equal in length size to oral tentacles. 
Cerata cylindrical, smooth and curved, similar to P. 
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magnum and P. parangatum. Dorsum partially exposed, 
not covered by numerous recurved cerata. Ceratal 
arrangement, except for the precardiac arch, of single 
rows with up to 3 to 5 recurved cerata each, on right 
side of body. Both renal and reproductive openings 
immediately below precardiac arch, in close proximity 
to first postcardiac row within interhepatic space. Anal 
papilla immediately below first postcardiac row. 
Postcardiac rows ranging from 7 to 9 rows on each 
side of dorsum. 

Cerata and digestive gland (Fig. 3 A): Ceratal digestive 
gland duct extending to apical end of each ceras, 
branching outwardly in close proximity to ceratal wall. 
Simple branching ducts perpendicular to central duct, 
extending in terminal sac in variable manner. Cerata 
cylindrical, smooth, terminating in curled apex. 

Buccal armature (Fig. 3B): Radular formula 24 X 0.1.0 
(CASIZ 93947). Tooth broad with long base, extending 
anteriorly and encasing posterior edge of adjacent 
tooth. Cusp long, with denticulation, extending along 
centre edge of margin. Degree of separation between 
elongate, adjacent denticles variable. Masticatory 
border of jaw smooth (Rudman, 1991). 

Reproductive system (Fig. 3C): Preampullary duct 
long, broad, extending into bulbous ampulla via thin 
duct. Duct bifurcating into receptaculum seminis and 
into penial complex. Penial complex extending into 
large, short, bulbous prostate. Connection between 
albumen and membrane glands basal. Prostate con¬ 
necting with folded. Female gland mass long, massive. 

Remarks: Rudman (1981) considered the likelihood 
that Phidiana tenuis Eliot, 1905) may be a senior 
synonym of Phyllodesniium poindimiei based on simi¬ 
larities of external morphology and radula. He was 
reluctant to place these taxa in formal synonymy, 
pending the collection of additional material from East 
Africa, the type locality of P. tenuis. We concur with this 
approach to resolving the nomenclature of this species. 

Phyllodesmium hyalimim Ehrenberg, 1831 

(Fig. 4A-D) 

Phyllodesmium liyalinurn Ehrenberg, 1831: 32. 
Phyllodesmium xeniae Gohar & Aboul-Ela, 1957: 131— 

144, Pl.l 

Favor inns horridus brevitentaculatus Engel and van 
Eeken, 1962: 28-29, fig. 5. 

Phyllodesmium orientale Baba, 199lb: 109, figs. 1-3 ; pi. 
1, fig. 1, possible synonym. 

Material examined: One specimen, CASIZ 69970, 
Seragaki Beach, 1.3 km ENE of Maeki-zaki, Okinawa, 
Ryukyu Islands, Japan, 1.5 m depth, 13 May 1989, 


R.F. Bolland. Two specimens, one dissected, CASIZ 
68731, Hole in the Wall, near Hussein Village, north of 
Madang, north coast, Papua New Guinea, 6.4 m 
depth, 21 July 1989, T.M. Gosliner. 

Distribution: First described from the Red Sea (Ehren¬ 
berg, 1831), but has been recorded more recently from 
the Philippines (Bergh, 1905), Japan (Baba, 1937), 
Tanzania (Rudman, 1981b), South Africa (Gosliner, 
1987), Papua New Guinea, Japan, Tanzania, Indonesia 
(present study). 

External morphology: Body of moderate size, 10.3 mm 
in length. Foot wide, extending posteriorly, tapering 
into reduced posterior end. Oral tentacles long, about 
equal to the length of smooth rhinophores. Curved 
cerata numerous, covering surface of dorsum. Ceratal 
arrangement in arches in precardiac and postcardiac 
cerata. Number of cerata per arch 7 to 10 on each arch 
on each side of dorsum. Reproductive opening situated 
at base of precardiac arch, on right side of dorsum. 
Renal opening centred in the interhepatic space, in 
close proximity to first postcardiac arch. Anal papilla 
on a distinctive mound located on right side of the 
dorsum, outside arch on the posterior side of the first 
postcardiac arch. Up to six postcardiac ceratal arches 
present on each side of the body. 

Cerata and digestive gland (Fig. 4C): Digestive gland 
extending entire length of ceras with secondary and 
tertiary branches extending in “web-like form” parallel 
to ceratal wall. Ceratal surface nodular. Branches 
terminating in small chambers, assumed to be the 
storage areas for the zooxanthellae from its alcyona- 
cean feeding source, Xenia spp. (Rudman, 1991). 
Nodular cerata flattened and curled apically. 

Buccal armature (Figs. 4A-B)\ Radular formula 25 X 
0.1.0 (CASIZ 68731). Tooth narrow with long base, 
elongate cusp. Denticles visible halfway down tooth. 
Denticles short, pointed, well separated. Jaws with 
single row of large, sparse denticles all along mastica¬ 
tory border (Rudman, 1991). 

Reproductive system (Fig. 4D): Preampullary duct 
short, expanding into elongate, bulbous ampulla via 
narrow duct. Duct bifurcating into receptaculum 
seminis and penial complex. Penial complex extending 
into large, elongate, folded prostate. Prostate connect¬ 
ing to folded albumen gland, with surrounding 
membrane gland, and massive and long female gland 
mass. 

Remarks: Phyllodesmium orientale Baba, 1991 was 
described as a distinct species (Baba, 1991b) based on 
two specimens collected from Japan. Baba noted that it 
was similar to P. hyalinum , except that it has an anal 
position that is more similar to P. crypticum. However. 
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Figure 4. Phylloclesmium hyalinum. A. Denticles on masticatory border of radula. B. Anterior view of radular tooth. C. View of 
digestive tract inside a ceras. I). Reproductive system. Abbreviations: a, albumen gland; am, ampulla; rs, receptaculum seminis; pc, 
penial complex; fmg, female mass gland; dt, digestive tract. Scale bars: A = 0.010 mm; B = 0.003 mm; C = 5 mm; D = 5 mm. 
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Figure 5. Phyllodesmium crypticum. A. View of digestive tract inside a ceras. B. Lateral view of radula. C. Reproductive system. 
Abbreviations: a, albumen gland; am, ampulla; rs, receptaculum seminis; pc. penial complex; fmg, female mass gland; dt. digestive 
tract. Scale bars: A = 10 mm; B = 0.05 mm; C = 5 mm. 


it is evident from Baba’s illustration (pi. 1, fig. 1) that 
the anus is rather dorsal in its position, similar to P. 
hyalinum. We suspect that P. orientale is synonymous 
with P. hyalinum and list it as a probable synonym, 
pending discovery of more material from Japan. 

Phyllodesmium cvypticmn Rudman, 1981 

(Figs. 1H, 5A-C) 

Phyllodesmium cryptica Rudman. 1981b: 232-236, 244— 
261, figs. 10A, B, 11, 12D, 13, 14B, 22B, 23, 26B. 27; 
Rudman, 1991: 194. fig. 28. 

Material examined: One specimen, dissected, CASIZ 
99314, Huamja Island, NE side Manua, Mtwara 
Region, Tanzania, 4 November 1994, T.M. Gosliner. 
Two specimens, one dissected, CASIZ 106465. near 


Twin Rocks, Batangas Province, Luzon, Philippines, 
9.1 m depth, 15 April 1996, T.M. Gosliner. 

Distribution: Originally described from Dar es Salaam, 
Tanzania (Rudman, 1981b). Recorded from New 
South Wales and Western Australia (Rudman, 1991). 
Specimens collected from Philippines and Japan 
(present study). 

External morphology (Fig. Ill): Body of moderate size, 
10 mm in length. Foot wide, elongate, tapered at 
posterior end. Anterior foot comers tapered. Rhino- 
phores, oral tentacles smooth and long; rhinophores 
shorter than oral tentacles. Cerata numerous often 
obscuring dorsum of body. Ceratal arrangement in 
arches. Number of cerata undetermined due to 
detachment of most of the cerata of the material 
examined. Up to 7 postcardiac arches present on each 
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side of the body. Reproductive opening situated below 
anteriormost portion of right precardiac arch. Renal 
opening immediately in front of uppermost portion of 
the right-sided first postcardiac arch. Anal papilla 
located within first postcardiac arch, on right side of 
body. 

Cerata and digestive gland (Fig. 5 A): Digestive gland 
extending all along ceras. Ceratal surface nodular with 
secondary and tertiary branches extending in a “web¬ 
like form” to the ceratal wall. Branches terminating in 
small chambers, assumed to be the storage area for the 
zooxanthellae extracted from its alcyonacean prey, 
Xenia spp. (Rudman, 1991). Cerata fattened, curved at 
apex. 

Buccal armature (Fig, 5B): Radular formula 24 X 0. J .0 
(CASIZ 106465). Tooth with broad, elongate base, 
extending anteriorly to adjacent tooth. Cusp elongate 
anteriorly. Short, pointed, well-separated denticles 
present on all teeth. Single row of large denticles 
present on masticatory border of jaw plates. 

Reproductive system (Fig. 5C): Preampullary duct 
short, extending into long, folded, bulbous ampulla. 
Ampulla extending via broad duct to receptaculum 
seminis and penial complex. Penial complex small, with 
proximal end connecting to massive and folded 
albumen and membrane glands. Distal end connecting 
with small, irregular and bulbous female gland mass. 

Remarks: PhyUodesmium hyaliwnn and P. cryptically 
may easily be confused as the same species, but differ in 
the base of the teeth, anal position, rhinophore size and 
size of penial complex. PhyUodesmium hyalinum has 
greatly extended rhinophores, an anus located above 
the first postcardiac arch, a narrow base and a large 
penial complex. PhyUodesmium crypticum has moder¬ 
ately long rhinophores. The anus is inside the first post¬ 
cardiac arch. The radular teeth have a wide base and 
the penial complex is small. 

PhyUodesmium sevvatum (Baba, 1949) 

(Figs. IF, 6A-C) 

Hervia serrata Baba, 1949: 105-106, 179, pi. 46, figs. 

156-157, text figs. 142 143. 

Cratenci serrata - Baba, 1955: 36, 56. 

Bahiella serrata Risso-Dominguez, 1964:223. 
PhyUodesmium serrata — Rudman, 1981b: 260. 
PhyUodesmium serration Baba, 1991a: 101, figs. A 
H; pi. 1 figs. 1-3). 

Material examined: One specimen dissected, CASIZ 
1 14759, 1 km WNW of Onna Village, Horseshoe Cliffs, 
Okinawa. Ryukyu Islands, Japan, 44.2 m depth, 18 
May 1994, R.F. Bolland. 


Distribution: Originally described from Japan (Baba, 
1949). Recorded from different regions of Australia: 
Victoria, New South Wales and parts of the Northern 
Territory (Rudman, 1991). 

External morphology (Fig. IF): Body, 32 mm in 
length, moderate size. Foot wide and elongate, tapering 
posteriorly, tapered anterior foot corners. Rhinophores 
smooth and moderately long, as long as the oral 
tentacles. Cerata, smooth, long, straight, extending 
across whole body, arranged in arches, precardiac arch 
can have up to five cerata on each side, postcardiac 
arches range from 7 to 10 arches on each side, each 
arch containing up to 7 cerata on each arch. 
Reproductive opening between center and uppermost 
edge below precardiac arch. Renal opening in front of 
first postcardiac arch. Anal papilla on a distinctive 
mound, centred inside first postcardiac arch. 

Cerata and digestive gland (Fig. 6A): Branched diges¬ 
tive gland, extending as finger-like projection inside 
cerata, short lateral branches evident, cerata are 
cylindrical, smooth, long and numerous. 

Buccal armature (Figs. 6B-C): Radular formula 24 X 
0.1.0 (CASIZ 114759). Tooth wide with short base, 
extending anteriorly and covering the posterior basal edge 
of the tooth in front, long cusp, denticulation extending 
all along border of each tooth. Tightly joined and long 
denticles, extending into pointed tip, small denticles on 
masticatory border of jaw plates (Baba, 1991a). 

PhyUodesmium colemaui Rudman, 1991 

(Figs. 1A, 7A-B) 

PhyUodesmium sp. Coleman, 1988: 14—15, 1989: 7, 54. 
PhyUodesmium colemaui Rudman, 1991: 187-190, figs. 
14C, 18, 19, 20C-E, 21, 27-29. 

Material examined: Two specimens, one dissected, 
CASIZ 110358, Bus Stop Reef, Balayan Bay, Batangas 
Province, Luzon Island, Philippines, 23 April 1997, M. 
Miller. 

Distribution: Known from its type locality. Lord Howe 
Island, Coral Sea (Rudman, 1991) and the Philippines 
(present study). 

External morphology (Fig. JA): Body 22.5 mm in 
length, of moderate size, extending uniformly narrowly 
from anterior to posterior end. Foot narrow and 
elongate. Rhinophores greatly extended and smooth, 
similar to oral tentacles. Cerata long, smooth, flat¬ 
tened, extending along dorsum of body, visible dorsum. 
Ceratal arrangement with single postcardiac vertical 
rows and precardiac arch, up to 3 to 4 cerata on each of 
the 7 to 8 postcardiac rows located on each side of 
body, up to 3 to 5 cerata on each side on precardiac 
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Figure 6. Phyllodesmium serration. A. View of digestive tract inside a ceras. B. Lateral view of radula and its denticles. C. Lateral 
profile of radula. Abbreviations: dt, digestive tract. Scale bars: A = 5 mm; B = 0.02 mm; C = 0.07 mm. 


arch. Reproductive opening, renal opening, and anal 
papilla located on right side of body. Reproductive 
opening located below anterior-most portion of pre¬ 
cardiac arch, renal opening located in center of 
interhepatic space; anal papilla raised on a distinctive 
mound, located outside first postcardiac row. 

Cerata and digestive gland (Fig, 7A): Cerata long, 
slender, flattened, smooth. Ceratal apex blunt. Digestive 
gland extending all along cerata through central duct; 
central duct bifurcating into perpendicular secondary 
branches terminating in bilateral and broad branches. 
Upon examination of translucent ceratal tissue, the 
uniformity and extent of the branching is visible. 

Buccal armature (Fig . 7B): Radular formula 26 X 0.1.0 
(CASIZ 110358). Tooth wide and long, base extending 
anteriorly, covering posterior portion of front tooth. 
Cusp long and narrow in anterior portion of the tooth. 
Denticles visible on central part of each tooth, short 


and separate from each other, terminates in pointed tip; 
smooth masticatory border of jaw (Rudman, 1991). 

Reproductive system: Reproductive system similar to 
that described for the other species of Phyllodesmium , 
although, as in P. opalesceus , the prostate gland is very 
large (Rudman, 1991). 

Phyllodesmium kabivamtm Baba, 1991 

(Figs. IB, 8A-D) 

?Eolida bella Riippell & Leuckart, 1831: 35, PI. 1. 10, 
fig. 4. 

?Phyllodesmium bellum — O’Donoghue, 1929: 715. 
Phyllodesmium kabiramnn Baba, 1991b: 113, figs. 4-5, 
PI. 1, fig. 2. 

Material examined: One specimen, CASIZ 89035, 
Seragaki Beach, 1.3 km ENE of Maeki-zaki, Okinawa, 
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Figure 7. Phyllodesniiwn colemcmi. A. View of digestive tract inside a ceras. B. Lateral view of radula. Abbreviations: dt, digestive 
tract. Scale bars: A = 5 mm; B = 0.02 mm. 


Ryukyu Islands, Japan, 1.5 m depth, 3 April 1993, 
R.F. Bolland. Two specimens, one dissected, CASIZ 
103793, Cathedral Rock, Balayan Bay, Batangas 
Province, Luzon Island, Philippines, no depth, 25 
February 1995, D.W. Behrens. 

Distribution: Known from its type locality Okinawa, 
Japan (Baba, 1991b) and the Philippines (present study). 

External morphology (Fig. IB): Body 56 mm in length, 
large in size, narrowing uniformly from anterior to 
posterior end, wide foot, smooth and moderately long 
rhinophores, oral tentacles shorter in size than rhino- 
phores. Cerata flattened, smooth, with a straight apex, 
extending outwardly covering the whole dorsum. 
Ceratal arrangement of one precardiac arch and single 
vertical rows on each side of the body, lying on 
distinctive ridges, up to 7 to 8 cerata on each precardiac 
arch on each side of the body, 8 to 11 cerata on each of 
the 7 to 9 postcardiac single arches on each side 
dorsum. Reproductive opening found in right side of 
dor um, right below and inside precardiac arch. Renal 
, T s in interhepatic space, right above the most 
basal p ' ; or edge of the First postcardiac arch. Anal 


papilla on distinctive mound, between first and second 
postcardiac arches on right side of body. 

Cerata and digestive gland branching (Fig. 8C): Cerata 
flattened, smooth, terminating in a curled apex. 
Digestive gland branching into secondary and tertiary 
branches; numerous multiple branches that extend in 
“web-like" manner, terminating in close proximity to 
the body wall. Ducts terminate in small chambers, 
capable of harboring zooxanthellae. Dark brownish- 
green color present likely due to presence of zooxan¬ 
thellae in the cerata (Baba, 1991b). 

Buccal armature (Figs, 8A-B): Radular formula 63 X 
0.1.0 (CASIZ 89035). Base of tooth short and wide, 
long cusp. Denticles visible along center of tooth, 
separated, short, with blunt tip; masticatory border of 
the jaw plates has large denticles. 

Reproductive system (Fig, 8D): Preampulla duct nar¬ 
row, long; expanding into large, bulbous, folded 
ampulla. Ampulla divides into receptaculum seminis 
and penial complex by thin duct. Penial complex large, 
connecting to massive and folded albumen gland, 
opening to a folded, long prostate. Prostate connecting 
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pc 


Figure 8. Phyllodesmium kabiranum. A. Lateral view of radula. B. View of radular denticles. C. View of digestive tract inside a 
ceras. D. Reproductive system. Abbreviations: a, albumen gland; am, ampulla; rs, receptaculum seminis; pc, penial complex; fmg, 
female mass gland; dt, digestive tract. Scale bars: A = 0.12 mm; B = 0.05 mm; C = 12 mm; D = 5 mm. 


to massive, folded, rectangular shaped female gland 
mass. Female duct opening into a vagina at base of First 
cereal cluster on right side of dorsum. 

Remarks: Baba (1991) considered Eolicla bella Riippel 
& Leuckart, 1831 as a possible senior synonym of 
Phyllodesmium. Baba noted the similarity in color 
pattern between the two taxa. However, the remainder 
of the anatomy of E. bella remains unknown. 
Examination of material from the Red Sea is necessary 
to confirm the identity of E. bella , in order resolve this 
nomenclatural issue. 

Phyllodesmium macphersonae (Burn, 1962) 
(Figs. ID, 9A-D) 

Cratena macphersonae Burn, 1962: 118-119, figs. 19- 
20 . 


Phyllodesmium macphersonae — Rudman, 1981b: 239- 
242, 244-261, figs. 12A, B, 17, 21C, 27. 

Material examined: One specimen, dissected, CASIZ 
115724, Horseshoe Cliffs, Okinawa, Ryukyu Islands, 
Japan, 3.0 m depth, 29 May 1998, R.F. Bolland. One 
specimen, CASIZ 104700, 14 km W of Ikei-shima, 
Tengan Pier, Okinawa, Ryukyu Islands, Japan, 2.1 m 
depth, 26 August 1994, R.F. Bolland. 

Distribution: Originally described from Victoria, Aus¬ 
tralia (Burn, 1962). Recorded from the Coral Sea (Lord 
Howe Island) and Tasmania, Australia (Rudman, 
1991). Also collected from Japan (present study). 

External morphology (Fig. ID): Body 23 mm in length, 
of moderate size, extending narrowly from the anterior 
to the posterior end. Anterior end of foot angular, 
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Figure 9. Phyllodesmium mcicphersonae. A. Lateral view of radula. B. Close up view of radular denticles. C. View of digestive tract 
inside a ceras. D. Reproductive system. Abbreviations: a, albumen gland; am, ampulla; rs, receptaculum seminis; pc, penial 
complex; fmg, female mass gland; dt, digestive tract. Scale bars: A = 0.04 mm; B = 0.02 mm; C = 10 mm; D = 5 mm. 


narrow, elongate, tapering from the anterior to 
posterior end. Rhinophores moderately long, smooth, 
close in size to oral tentacles. Ceratal arrangement of 
one precardiac arch, up to 6 to 8 single vertical 
postcardiac rows, up to 6 to 8 cerata on each 
postcardiac rows on each side of body. Reproductive 
opening on right side, below anterior basal edge of 


precardiac arch. Renal opening immediately above first 
postcardiac row, in interhepatic space. Anal papilla 
between first and second postcardiac row, immediately 
below uppermost postcardiac row. 

Cerata and digestive gland (Fig. 9C): Cerata cylindri¬ 
cal, smooth, terminating in curled apex. Digestive 
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Figure 10. Phyllodesmium briareum. A. View of digestive tract inside a ceras. B. Lateral view of radula. C. Reproductive system. 
Abbreviations: a, albumen gland; am, ampulla; rs, receptaculum seminis; pc, penial complex; fmg, female mass gland; dt, digestive 
tract. Scale bars: A = 10 mm; B = 0.01 mm; C = 5 mm. 


gland composed of central duct running along entire 
ceras. Photographs of the cerata do not obviously show 
the detailed structure. However, under close examina¬ 
tion through the dissecting microscope, the arrange¬ 
ment of the secondary and tertiary branches was 
similar to that of P. magnum . 

Buccal armature (Fig. 9A-B)\ Radular formula 28 X 
0.1.0 (CASIZ 65346). Tooth long and narrow base, 
long cusp. Denticles visible, all along central region of 
radular teeth, separated, short, terminating in a blunt 
tip. Masticatory border of jaw smooth (Baba, 1991). 

Reproductive system (Fig. 9D): Preampulla narrow, 
reduced, duct expanding into long and thin ampulla by 
irregular narrow duct; duct bifurcating into receptacu¬ 
lum seminis and penial complex. Penial complex 
extending into small and bulbous prostate, which 
connects to a long, folding and thin female gland 
mass; female duct opened to a vagina at the base of first 
ceratal cluster. 


Phyllodesmium briareum (Bergh, 1896) 

(Figs. 1G, 10A-C) 

Ennoia briareus Bergh, 1896: 392-^L PI. 16, figs. 14, 15. 
Phyllodesmium briareus — Gosliner et a!., 1996: 177, 
fig. 627. 

Phyllodesmium briareum - Rudman, 1991: 181 187, 
figs. 13, 14A,B, 15, 16, 17, 27-29. 

Material examined: Twenty specimens, CASIZ 065346, 
Barracuda Point, W side “Pig Island,'’ near Madang, 
north coast, Papua New Guinea, 15.2 m depth. 13 
January 1988, T.M. Gosliner. One specimen, one 
dissected, CASIZ 065299, Madang (near lighthouse), 
north coast, Papua New Guinea, 7.6 m depth, 22 
January 1988, T.M. Gosliner. Four specimens, one 
dissected, CASIZ 83678, Devil’s Point (SW side of 
Maricaban Island), Maricaban Island, Batangas Prov¬ 
ince, Luzon, Philippines, 19 February 1992, T.M. 
Gosliner. 
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Distribution: Found in the Philippines, Malaysia and 
Papua New Guinea (Rudman, 1991). Recent studies 
found P. bricireinn in Japan and Indonesia (present 
study). 

External morphology (Fig, 1G): Body 16 mm in length, 
moderate size, narrow, reduced (in some cases more 
elongate). Foot narrow, angular anterior end of 
corners. Oral tentacles slightly longer than greatly 
extended rhinophores. Smooth, cylindrical cerata 
terminating in blunt tip. Ceratal arrangement of one 
single-rowed precardiac arch, consisting 6 to 8 ceras on 
each side of body. Reproductive system, renal opening 
and anal papilla located on right side of body, 
underneath the precardiac row. Renal opening in the 
interhepatic space. Anal papilla below first post-cardiac 
row. Postcardiac cerata in single rows across dorsum 
on each side of body, each side with 6 to 8 postcardiac 
clusters with up to 7 ceras on each of them. 

Cerata and digestive gland (Fig, 10A): Cerata long, 
slender, smooth, cylindrical, with branched digestive 
tract. Digestive tract branching into simple branches, in 
turn extending into secondary and tertiary branches, 
making for a dense layer and expansion of the digestive 
tract all across cerata. 

Buccal armature (Fig, 10B): Radular formula 34 X 
0.1.0 (CASIZ 83678). Base of tooth wide, long, with 
long cusp. Denticles visible, along central edge of each 
tooth, short, well-separated, terminating in pointed 
radular tip. Masticatory border of jaw smooth (Rud¬ 
man, 1991). 

Reproductive system (Fig. 10C): Preampullary duct 
short, narrow, expanding into bulbous, long and folded 
ampulla. Ampulla connecting through broad duct to 
receptaculum seminis and penial complex. Penial 
complex opening to wide and short prostate through 
broad duct. Duct connecting to folded albumen gland, 
located on massive membrane gland. Prostate connect¬ 
ing into folded and long female gland mass. 

Phyllodesminm longicirntm (Bergh, 1905) 

Myrrhine longicirra Bergh, 1905: 227-9, PI. 20, figs. 
20-29. 

Phyllodesminm longicirra —- Rudman, 1981b: 242-261, 
figs. 16, 18-20, 24-27. 

Phyllodesminm longicirrum Rudman, 1991: 195, figs. 

26, 28, 29. 

Distribution: Described originally from Indonesia 
(Bergh, 1905), also recorded from the Great Barrier 
Reef (Rudman, 1991). 

Discussion: The anatomy of this species has been 
described by Rudman (1981b; 1991). 


Phyllodesminm pecten Rudman, 1981 

Phyllodesminm pecten Rudman, 1981b: 237-239. figs. 
14A, 15, 16C, D, E, 27. 

Distribution: Known only from its type locality Dar es 
Salaam, Tanzania (Rudman, 1981b). 

Discussion: Anatomy of species described by Rudman, 
1981b. 

Phyllodesminm opalescens Rudman, 1991 

Phyllodesminm opalescens Rudman, 1991: 177 181, 
figs. 9, 10, 11, 12, 28, 29. 

Distribution: Known only from its type locality Hong 
Kong (Rudman, 1991). 

Discussion: Anatomy of species described by Rudman, 
1991. 

Phyllodesminm liorndnm (Macnae, 1954) 

Favorinus liorridus Macnae, 1954: 19-21, figs. 11—13, 
PI. 1, fig. 4. 

Phyllodesmiopsis liorridus — Risso-Dominguez, 1964: 
222-238. 

Phyllodesminm liorridus — Rudman, 1981b: 224. 
Phyllodesminm liorridum — Gosliner, 1987: 124, fig. 
225. 

Distribution: Known and described originally from 
South Africa (Macnae, 1954). 

Discussion: Anatomy of species described by Rudman 
(1981b; 1991). 

Phyllodesminm iviomotense Baba, 1991 

Phyllodesminm iriomotense Baba, 1991b: 115, figs. 6—7, 
PI. 1, fig. 3. 

Distribution: Known only from its type locality 
Okinawa, Japan (Baba, 1991b). 

Discussion: Anatomy of species described by Baba, 
1991b. 

Phyllodesminm gnamensis Avila et al., 1998 

Phyllodesmium gnamensis Avila et al. , 1998: 148, figs. 
1 - 10 . 

Distribution: Only found in its type locality Guam 
(Micronesia) (Avila et al ., 1998). 

Discussion: Anatomy of species described by Avila et 
al. , 1998 
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Phyllodesmiiun jakobsenae Burghardt & Wagele, 
2004 

Phyllodesmium jakobsenae Burghardt & Wagele, 2004: 
1, figs. 1-5. 

Distribution: Known only from Indonesia (Burghardt 
& Wagele, 2004). 

Discussion: The anatomy of this species was completely 
described by Burghardt & Wagele (2004). 

Phyllodesmiiun mdmani Burghardt & Gosliner, 
2006 

Phyllodesmium jakobsenae Burghardt & Gosliner, 2006: 
31, figs. 1-5. 

Distribution: Known only from Indonesia (Burghardt 
& Gosliner, 2006). 

Discussion: The anatomy of this species was completely 
described by Burghardt & Gosliner (2006). 

Godiva qnadvicolov (Barnard, 1927) 

Hervia qnadricolor Barnard, 1927: 203, PI. 20, figs. 9, 
10 . 

Godiva qnadricolor — Macnae, 1954: 23-25, text figs. 
14—16. 

Distribution: This species has been collected from South 
Africa (Barnard, 1927) and Western Australia (Willan, 
1987). 

Discussion: Anatomy of species described by Willan 
(1987). Godiva Macnae has been placed on the Official 
List of Generic Names in Zoology with the name 
number 1717 (I.C.Z.N, 1966, Opinion 778). The name 
qnadricolor Barnard, as published in the binomen 
Hervia qnadricolor (type species of Godiva Macnae), 
has been placed in the Official List of Specific Names in 
Zoology with name number 2148 (I.C.Z.N., 1966, 
Opinion 778). 

Favovimis japonicus Baba, 1949 

Favorimis japonicus Baba, 1949: 177, PI. 43, fig. 151. 
figs. 135-136. 

Distribution: Have been found in Dar es Salaam, 
Tanzania (Rudman, 1980) and Japan (Baba, 1949) and 
throughout the Indo-Pacific, extending from the 
Western Indian Ocean to the Hawaiian Islands 
(Gosliner, 1980). 

Discussion: Anatomy of species described by Baba 
(1949) and Rudman (1980). 


RESULTS 

We performed several analyses of the data matrix 
(Table 3). After several iterations we re-examined the 
characters. Three characters (14, 21 and 30) were then 
deleted (using PAUP 4.0 and manually) from the 
analysis because they are continuous and it is difficult 
to assess discrete character states. This analysis yielded 
two trees of 64 steps and consistency and retention 
indices of 0.469 and 0.730 respectively (Fig. 11). From 
this analysis, the monophyly of Phyllodesmium is 
supported. Our strict consensus tree shows Phyllodes¬ 
mium as a monophyletic group, supported by a Bremer 
value of 2 and defined by four synapomorphies: 
character 12, angular foot corners; character 15, 
rhinophores smooth or slightly nodular; character 16, 
masticatory border with a single row of denticles; 
character 27, cnidosac absent (Fig. 12). Most nodes 
have a Bremer support value of 1. The third node 
above the basal node has a value of 3. Additionally, the 
clade that contains P. poindimiei , P. briareum , P. 
macphersonae and P. coiemani , the clade that contains 
P. magnum , P. longicirrum , P. gu amen sis, P. paran- 
gatum , P. jakobsenae and P. ruchnani and the clade 
containing P. hyalinum and P. crypticum each have a 
value of 2. 

Our phylogenetic analysis shows that species pos¬ 
sessing an unbranched digestive tract (P. horvidinn , and 
P. opaiescens) are most basal, while others that have a 
branched digestive tract are more derived. Phyllodes¬ 
mium species having a branched digestive tract are 
included in one clade, indicating that elaboration of the 
digestive gland duct represents a single evolutionary 
event. Members of this clade share other common traits 
relating to jaw morphology, ceratal structure, and their 
ability to store zooxanthellae. Within this group, there 
is one well-supported clade that divides into two sister 
clades. The first one is supported by one synapomor- 
phy (narrow foot), while the second is supported by 
two synapomorphies (ceratal apex curled and tightly 
congested radular denticles). 

Based on the present phylogenetic analysis, some 
characters used in this study exhibit at least one 
instance of reversal (indicated by an underline of the 
character number in Figure 12). Even though the 
instances of homoplasy are moderate, the phylogenetic 
reconstruction of the ancestral state is unambiguous. 
Figure 12 shows some of the characters displaying 
homoplasy, such as the presence of character 2 in 
several taxa within different lineages. Several derived 
characters support distinct phylogenetic relationships 
within various subclades of Phyllodesmium. These 
derived characters include the presence of zooxanthel¬ 
lae, ceratal morphology (apex, surface, shape) and 
ceratal arrangement, digestive tract branching, and 
masticatory border of jaw. Tracing of character trace 
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evolution was made on the not fully resolved consensus 
tree rather than on one of the two fully resolved trees 
produced by the phylogenetic analysis. This approach 
emphasizes the distribution of characters that are 
consistent rather than those that vary. 

DISCUSSION 

The phylogenetic analysis carried out in this paper 
supports the monophyly of the exclusively tropical 
Indo-Pacific species that have been included in 
Phyllodesmium. In general, the non-parsimony based 
scenario of evolution suggested by Rudman (1991) is 
generally upheld by the present phylogenetic analysis. 
More specifically, our parsimony-based phylogcny 
supports Rudman’s view that more basal members 
have relatively simple digestive gland branching and 
more derived taxa have more complex branching of 


digestive gland ducts to provide greater surface area for 
photosynthesis in species that harbor zooxanthellae. 
However, the arrangement of taxa within Rudman's 
branching diagram differs in some respects from our 
phylogeny. For example, Rudman suggested that P. 
serratum was most basal within Phyllodesmium , while 
our analysis suggests that P. opalescens is more basal. 
Additionally, Rudman suggested a continuum of 
evolution from P. crypticum to P. Iiyalinum to P. 
pectefu whereas our analysis suggests that P. crypticum 
and P. hycdinum are sister species, while P. pec ten is a 
member of another subclade. 

Rudman treated evolution within Phyllodesmium 
based on the comparative examination of the digestive 
system and cerata. However, it is hard to assess how 
related these assumptions are due to insufficient data 
regarding the specificity of the feeding specialization 
across all Phyllodesmium taxa. It is evident, though. 
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Figure 12. Character and Bremer support analysis of strict consensus tree. Italicized numbers refer to characters contained in text. 
Underlined numbers indicate instances of reversals. Bold numbers are Bremer support values. 


that the morphological changes occurring within 
PhylJodesmium are correlated with their feeding behav¬ 
ior. The increase in size, and the flattening and 
branching of the digestive tract are all characteristics 
of the cerata that have developed across taxa of 
PhyJIodesmium . These characteristics allow a more 
efficient means of transporting and accommodating 
the zooxanthellae, and displaying mimicry of the 
octocoral coelenterates they prey upon (Rudman, 
1981b, 1991). 

Histological and digestive dissections on specimens 
living or freshly preserved material will be needed to 
assess the ecological interaction occurring across the 
PhylJodesmium taxa. Specimens, used in this study, 
were fixed in formalin or Bouin’s solution making any 
presence of calcium carbonate octocoral sclerites 
undetectable and unidentifiable by the observer. Hence, 
fresh material is needed in order to assess the feeding 


sources and ecological interactions occurring between 
the nudibranch species and its octocoral prey. Further 
descriptions of PhylJodesmium species will help to 
resolve the phylogenetic relationships and symbiotic 
relationships within PhyJIodesmium. In addition, mo¬ 
lecular data would aid in providing more information 
on the evolutionary trend of this genus. Combining 
these methods would provide a clearer view on the 
evolution of PhylJodesmium and its relationship with its 
symbionts. 
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